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(57)Abstract: 
PROBLEM TO BE SOLVED: To accurately 
simulate the bouncing performance of a golf ball 
under actually impacted state, using finite element 
method in the design of a golf ball. 
SOLUTION: In the simulation of the bouncing 
performance of a golf ball, actual impact test is 
simulated by finite element method using the 
physical properties of a material under the 
conditions of maximum compression strain and 
maximum strain rate equivalent to those obtained 
by means of a split Hoplinson rod test machine 
actual impact with a golf club head. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rebounding property prediction method of the ball which measures the 
physical properties of the material which constitutes a ball, simulates the impact test 
of the actual ball for measuring a rebounding property by the finite element method 
using the above-mentioned measured value, and predicts the rebounding property of a 
ball from this simulation with the split HOPUKINSON rod testing machine under a 
strain equivalent to the time of the blow by the actual ball blow implement, and the 
conditions of a rate of strain. 

[Claim 2] The rebounding property prediction method of the ball which measures the 
physical properties of the material which constitutes a golf ball, simulates the impact 
test of the actual golf ball for measuring a rebounding property by the finite element 
method using the above-mentioned measured value, and predicts the rebounding 
property of a golf ball from this simulation with the split HOPUKINSON rod testing 
machine under a strain equivalent to the time of the golf ball blow by the actual golf 
club head, and the conditions of a rate of strain. 

[Claim 3] The rebounding property prediction method of the ball which measures the 
physical properties of the material which constitutes a golf ball, simulates the impact 
test of the actual golf ball for measuring a rebounding property by the finite element 
method using the above-mentioned measured value, and predicts the rebounding 
property of a golf ball from this simulation with the split HOPUKINSON rod testing 
machine under the conditions of the maximum compressive strains 0.05-0.50 
equivalent to the time of the golf ball blow by the actual golf club head. 
[Claim 4] The rebounding property prediction method of the ball which measures the 
physical properties of the material which constitutes a golf ball, simulates the impact 
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test of the actual golf ball for measuring a rebounding property by the finite element 
method using the above-mentioned measured value, and predicts the rebounding 
property of a golf ball from this simulation with the split HOPUKINSON rod testing 
machine under maximum rate-of-strain 500-/s equivalent to the time of the golf ball 
blow by the actual golf club head - 5000-/s of conditions. 

[Claim 5] The physical properties of the material measured with the above-mentioned 
split HOPUKINSON rod testing machine are the rebounding property prediction 
methods of a ball given in any 1 term of the claim 1 which are Young's modulus and a 
loss factor, or a claim 4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention enables it to predict this 
rebounding property by simulation especially about the rebounding property prediction 
method when hitting balls, such as a golf ball, without actually hitting a ball. 
[0002] 

[Description of the Prior Art] Flight distance is mentioned to one of the important 
performances for which a golfer asks a golf ball. The big golf ball of flight distance 
gives a golfer invigoration, and contributes it also to a score makeup. For this 
improvement in flight distance, improvement in the resilience ability of a golf ball is 
required. 

[0003] Therefore, in the design of a golf ball, the resilience ability when being hit is one 
of the big evaluation criteria. By the design of the conventional golf ball, the material 
which constitutes a ball was determined, after that, the ball was actually made as an 
experiment and evaluation about the rebounding property of the designed ball was 
performed to actually hitting the ball made as an experiment This design method had 
taken costs and time very much in the trial production of a ball. 

[0004] then, in the design of the various products of many industrial fields, in order to 
measure the resilience ability of a golf ball using the finite element method used for 
the costs of a trial production, saving of time, etc., what simulated the impact test 
which is practice is proposed Thus, when simulating with a finite element method, the 
physical properties (Young's modulus and loss factor) of the component of the ball 
r measured with the viscoelasticity spectrum meter which generally measures the 
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rigidity of material, viscosity, etc., the tension tester which measures Youngs modulus 
are used as an input value to a simulation. Especially, since the physical properties of 
the test piece with which the dynamic strain was given in viscoelasticity spectrum 
meter are measured, it is useful to the analysis technique by the finite element 
method which simulated the blow of a golf ball. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the maximum rate of strain 
applied to the material of a golf ball at the time of measurement by the 
above-mentioned viscoelasticity spectrum meter, the tension tester which measures 
Young's modulus serves as about 1 .0/s, and small about [ the maximum compressive 
strain 0.0001 to ] 0.02 and small value from 0.001 -/s. The material of a golf ball is a 
high degree of hardness, and this is very much for being hard to cause a form in 
viscoelasticity spectrum meter and the tension tester which measures Youngs 
modulus. 

[0006] With the material which constitutes a golf ball on the other hand at the time of 
an actual blow, the maximum rate of strain is about 500/s-5000/s, the maximum 
compressive strain is 0.05 to about 0.50, and a serious strain [ high-speed type ] 
produces it. 

[0007] Thus, in measurement by viscoelasticity spectrum meter, the tension tester 
which measures Young's modulus, the maximum rate of strain and the maximum 
compressive strain differ from the time of an actual blow greatly, and the measured 
value of material physical properties is not in a near state, when actually hit. The 
material physical properties which use it for a simulation since a rebounding 
performance is a performance by which a golf ball is discovered in the state where it 
was actually hit with the head of a golf club need to be measured in the near state, 
when actually hit. Therefore, the Young's modulus obtained by measurement by 
viscoelasticity spectrum meter, the tension tester which measures Young's modulus, 
and a loss factor have the problem suitable for the simulation of a blow that they are 
not material physical properties. 

[0008] For this reason, even if it simulates the rebounding property of a golf ball by 
the finite element method using the Young's modulus obtained with viscoelasticity 
spectrum meter, the tension tester which measures Young's modulus, and the value of 
a loss factor, the golf ball in the state where it was actually hit will be simulated 
correctly. Therefore, since the design of the golf ball using the simulation by the 
present finite element method has inadequate evaluation of a rebounding property, as 
a matter of fact, it makes a golf ball as an experiment and has the problem that it 
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cannot but depend on the test by blow of thing. 

[0009] It is making into the technical problem that this invention is made in view of the 
above-mentioned problem, enables it to simulate correctly the golf ball in the state 
where it was actually hit, and enables it to predict the rebounding property of a golf 
ball correctly from this simulation. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, this invention measures the physical properties of the material which 
constitutes a ball from under a strain equivalent to the time of the blow by the actual 
ball blow implement, and the conditions of a rate of strain with a split HOPUKINSON 
rod testing machine, using the above-mentioned measured value, by the finite element 
method, simulates the impact test of the actual ball for measuring a rebounding 
property, and offers the rebounding property prediction method of the ball which 
predicts the rebounding property of a ball from this simulation. 

[001 1] As a ball made into the above-mentioned object, a golf ball is used especially 
suitably. However, it can be used not only for a golf ball but for prediction of the 
rebounding property of the ball when hitting a hard tennis ball, the ball of baseball, etc. 
[0012] When aimed at a golf ball, with the split HOPUKINSON rod testing machine, 
under a strain equivalent to the time of the golf ball blow by the actual golf club head, 
and the conditions of a rate of strain, the physical properties of the material which 
constitutes a golf ball are measured, using the above-mentioned measured value, the 
impact test of the actual golf ball for measuring a rebounding property is simulated by 
the finite element method, and the rebounding property of a golf ball is predicted from 
this simulation. 

[0013] In measurement by the above-mentioned split HOPUKINSON rod testing 
machine, it is high speed and the strain of a form can be given to a test piece very 
much. Therefore, material physical properties (Young's modulus and loss factor) can 
actually be measured by the golf club head under a strain equivalent to the time of a 
golf ball being hit, and the conditions of a rate of strain. By using the material physical 
properties (Youngs modulus and loss factor) measured with this split HOPUKINSON 
rod testing machine, by the finite element method, the actual impact test for 
measuring a rebounding property can be simulated correctly, and the rebounding 
property of the golf ball in the state near an actual blow can be predicted. Thereby, in 
the design stage of a golf ball, the actual number of times of a ball trial production can 
be reduced, and the costs and time which a trial production takes can be cut down. 
Therefore, the optimal golf ball can be designed about a rebounding property for a 
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short period of time. 

[0014] Moreover, if even the Young's modulus of material and the value of a loss 
factor which constitute the golf ball under conditions equivalent to the time of the 
blow by the actual golf club head, the structure of a golf ball, and the arrangement 
position of each material are known, a simulation can be performed about the 
resilience ability of the golf ball of various kinds. Therefore, a trial production can 
evaluate easily the difference between a difficult thing or the rebounding property of 
the golf ball accompanying change of material or its arrangement position. 
[0015] Furthermore, in addition to the state of strain generated inside a golf ball by 
the finite element method since the state of the ball at the time of the blow of an 
actual golf ball can be simulated, the state of stress inside a ball when the blow is 
added to the ball is also view-guessed correctly, and the thing of it can be carried out. 
This result can design the golf ball which is excellent in a rebounding performance. 
[0016] Since the maximum compressive strains generated in a golf ball at the time of 
the blow by the actual golf club head are 0.05-0.50, it is desirable to simulate by the 
finite element method using the material physical properties (Young's modulus and 
loss factor) under these conditions. Thus, the rebounding property of the golf ball at 
the time of an actual blow can be correctly simulated by doubling with the service 
condition of a ball. 

[001 7] Or since the maximum rate of strain generated in a golf ball at the time of the 
blow by the actual golf club head is 500-/s - 5000-/s, it is desirable to simulate by 
the finite element method using the material physical properties (Young's modulus and 
loss factor) under these conditions. Thus, the rebounding performance of the golf ball 
at the time of an actual blow can be correctly simulated by doubling with the service 
condition of a ball. 

[0018] In addition, it is high speed and the strain of a form is given to a test piece very 
much, and actually, if material physical properties (Young's modulus and loss factor) 
can be measured under the conditions of the maximum compressive strain equivalent 
to the time of a golf ball being hit by the golf club head, and the maximum rate of strain, 
it cannot be overemphasized that material physical properties (Young's modulus, loss 
factor) may be searched for with measuring methods other than a split HOPUKINSON 
rod. 

[0019] 1000-100000 are desirable still more desirable, and, as for the number of the 
elements of all the ranges of a golf ball, 2500-20000 are good at a whole model. In 
addition, since the time of analysis is shortened as the capacity of a maximum value of 
a computer will improve in view of the capacity of the computer in a present stage 
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from now on, changing can imagine the range of maximum easily. 
[0020] Moreover, in the analysis of a rebounding property, in the case of the analysis 
of a bilateral-symmetry model, a ball can be used as the half model (model cut by the 
neutral plane which carries out the division-into-equal-parts rate of the right and left 
including the center of a ball) instead of a whole model, and the rebounding prediction 
analysis in the model which carries out a longitudinal-direction restraint can also 
perform the same analysis as a whole model to a neutral plane. Furthermore, in the 
case of the analysis of a right-and-left and vertical symmetrical model, a ball is 
analyzable similarly by considering as 1/4 model instead of a whole model. Thus, 
without reducing analysis precision by taking the symmetric property of an analytic 
model into consideration, an analysis field can be lessened and a finite element 
method can be performed efficiently. 

[0021] The golf ball which simulates by this invention may be the so-called dress golf 
ball which consists of simple substances, such as a bridge formation rubber layer, and 
the so-called two-piece golf ball with which covering was covered by cores, such as a 
bridge formation rubber layer, is sufficient as it, and it may be the so-called 
multi-piece golf ball which consists of three or more layers, and can be adapted for 
the golf ball of all structures. 

[0022] Moreover, as for the material of the golf ball which simulates by this invention, 
all measurable material is contained with a split HOPUKINSON rod. For example, 
synthetic resin, such as an ionomer resin, a polybutadiene, natural rubber, a 
polyisoprene, a styrene-butadiene copolymer, an ethylene-propylene-diene 
copolymer (EPDM), etc. are mentioned. Optimum dose combination of the various 
additives, such as a coloring agent, a degradation inhibitor, and a cross linking agent, 
may be carried out at these simple substances or the constituent which consists of 
mixture if needed. 
[0023] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is 
explained with reference to a drawing. Drawing 1 is the typical front view in which the 
split HOPUKINSON rod testing machine which measures material physical properties 
(Young's modulus and loss factor) required for a finite element method was shown in 
the rebounding property prediction method of the ball of this invention. 
[0024] The split HOPUKINSON rod testing machine shown in drawing 1 is equipped 
with the blow rod 1, the input rod 3, and the output rod 5, and these are arranged on 
the straight line. The input rod 3 is attained to first strain-gage 7, and the second 
strain gage 9 is attached in it. The output rod 5 is attained to third strain-gage 1 1 , and 
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the fourth strain gage 13 is attached in it. The pillar-like test piece 20 is pinched 
between back end 3a of the input rod 3, and front end 5a of the output rod 5. 
[0025] A test piece 20 may be cut down from the golf ball which what fabricated 
material, such as a rubber constituent used for a golf ball, in the configuration of a test 
piece is sufficient as, and was fabricated spherically. With this operation gestalt, the 
length (namely, distance of back end 3a of the input rod 3 and front end 5a of the 
output rod 5) of a test piece 20 is setting 4mm and the cross-section diameter of a 
test piece 20 to 18mm. 

[0026] The blow rod 1, the input rod 3, and the output rod 5 are the pillars made from 
polymethylmethacrylate, and a cross-section diameter is [ 5300MPa(s) and the 
specific gravity of 20mm and Young's modulus ] 1.19. The length of the blow rod 1 is 
100mm. The length of the input rod 3 and the output rod 5 (hereafter called this input 
rod 3 and the output rod 5 with a "stress rod") is 2000mm. The first strain gage 7 is 
attached in the position of 900mm from back end 3a of the input rod 3, and the second 
strain gage 9 is attached in the position of 600mm from back end 3a of the input rod 3. 
Moreover, the third strain gage 1 1 is attached in the position of 300mm from front end 
5a of the output rod 5, and the fourth strain gage 13 is attached in the position of 
600mm from front end 5a of the output rod 5. 

[0027] Thus, the split HOPUKINSON rod testing machine of drawing 1 It is the product 
made of synthetic resin which the blow rod 1 , the input rod 3, and the output rod 5 
become from polymethylmethacrylate, the blow rod 1 and the input rod 3 — 2000mm 
— large — moreover — the [ the distance of the first strain gage 7 and back end 3a 
of the input rod 3, and ], since the distance of the 2 strain gage 9 and back end 3a of 
the input rod 3 is large It is suitable for measurement of the material physical 
properties (Youngs modulus, loss factor, etc.) of the material which has the 
viscoelasticity of bridge formation rubber which is used for a golf ball. 
[0028] With this operation gestalt, it is sticking on the position which the input rod 3 
and the output rod 5 described above using KFP-5-350-C1-65 by Kyowa Electronic 
Instruments Co., Ltd., using the strain gage for monopodium plastics as the first strain 
gage 7 of the above, the second strain gage 9, the third strain gage 1 1, and the fourth 
strain gage 13. the [ these first strain gages 7 or ] — the attaching position to the 
input rod 3 and the output rod 7 of the 4 strain gage 13 is made into the same line top 
in the length direction 

[0029] In measurement of the Young's modulus by this split HOPUKINSON rod testing 
machine, and a loss factor, the blow rod 1 collides with front end 3a of the input rod 3 
at the rate of 25 m/s first. By this, an incidence distorted wave arises and this 
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incidence distorted wave progresses toward back end 3a of the input rod 3. It reflects 
in back end 3a of the input rod 3, and a part of this incidence distorted wave turns into 
a reflective distorted wave, and it progresses toward front end 3b of the input rod 3. A 
part of incidence distorted wave penetrates the piece 20 of a back end 3a blank test 
of the input rod 3, and it is further spread on the output rod 5, serves as a 
transparency distorted wave, and progresses toward back end 5b of the output rod 5. 
[0030] An incidence distorted wave reaches first strain-gage 7, and is surveyed by 
the second strain gage 9. A low pass filter lets the surveyed incidence distorted wave 
pass, and a RF 10kHz or more is removed. Furthermore, zero amendment to which the 
time history of an incidence distorted wave considers the base-line value as zero is 
given. In this way, the Fourier transform of each of the obtained time-axis [ in / the 
second strain gage 9 / it reaches first strain-gage 7 and ] strain is carried out, and a 
frequency axial strain is called for. A transfer function is drawn from this frequency 
[ in / the second strain gage 9 / it reaches first strain-gage 7 and ] axial strain. Based 
on the above-mentioned transfer function, the frequency axial strain in back end 3a of 
the input rod 3 is presumed, the ratio (X1:X2) of the distance X1 of the first strain 
gage 7 and back end 3a of the input rod 3 and the distance X2 of the second strain 
gage 9 and back end 3a of the input rod 3 being taken into consideration. By carrying 
out the inverse Fourier transform of this frequency axial strain, time-axis strain (time 
history of strain) epsiloni of the incidence distorted wave in back end 3a of the input 
rod 3 is obtained. 

[0031] The reflective distorted wave which similarly reflects by back end 3a of the 
input rod 3, and goes to front end 3b is surveyed by the strain gage 7 the second 
strain gage 9 and for a start. Time-axis strain (time history of strain) epsilonr of the 
reflective distorted wave in back end 3a of the input rod 3 is obtained from this 
surveyed reflective distorted wave. 

[0032] Moreover, the transparency distorted wave of the output rod 5 which reaches 
third strain-gage 1 1 and is spread on the output rod 5 through a test piece 20 by the 
fourth strain gage 13 is surveyed, and time-axis strain (time history of strain) epsilont 
of the transparency distorted wave in front end 5a of the output rod 5 is obtained 
from this surveyed transparency distorted wave. 

[0033] In this way, rate-of-strain epsilon of a test piece 20 is computed by the 
following formula (1) from epsiloni and epsilonr which were obtained, and epsilont. 
epsilon'=(C0/L) - (epsiloni-epsilonr-epsilont) 
= (E/rho) (1/2/L) - (epsiloni-epsilonr-epsilont) (1) 

(In a formula (1), CO expresses the propagation velocity (m/s) of the distorted wave in 
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an input rod and an output rod (stress rod), L expresses the length (m) of a test piece, 
E expresses the Young's modulus (N/m2) of a stress rod, and rho expresses the 
density (kg/m3) of a stress rod) 

[0034] Moreover, the strain epsilon of a test piece 20 is computed by the following 

formula (2) from epsiloni, epsilonr, and epsilont. 

[0035] 



(In a formula (2), CO expresses the propagation velocity (m/s) of the distorted wave in 
an input rod and an output rod (stress rod), L expresses the length (m) of a test piece, 
E expresses the Young's modulus (N/m2) of a stress rod, and rho expresses the 
density (kg/m3) of a stress rod) 

[0036] Furthermore, the stress sigma of a test piece 20 is computed by the following 

formula (3) from epsiloni, epsilonr, and epsilont. 

sigma=(E.A/(2As)) - (epsiloni+epsilonr+epsilont) 

= (E-D2/(2 (Ds) 2)) - (epsiloni+epsilonr+epsilont) 

—(3) 

(In a formula (3), E expresses the Young's modulus (N/m2) of the stress rod which 
consists of an input rod and an output rod, A expresses the cross section (m2) of the 
above-mentioned stress rod, As expresses the cross section (m2) of a test piece, D 
expresses the diameter (m) of a stress rod, and Ds expresses the diameter (m) of a 
test piece) 

[0037] In this way, the strain time history of the obtained test piece 20 is shown in the 
graph of drawing 2 . As shown in drawing 2 , although the curve is gently-sloping for 
the time being after Peak P, it becomes irregularity-like after that. Let the whole 
strain time history be a gently-sloping curve (for a dotted line to show in drawing 2 ) 
by choosing the point S in the gently-sloping stage after Peak P, drawing the tangent 
to the curve in this point S, drawing the relaxation time lambda from the intersection 
of this tangent and time-axis, and making into the curve after Point S the curve called 
for with the following formula (4). The influence of the noise to the material physical 
properties (Young s modulus and loss factor) finally acquired by this is removable. 

epsilon(t) =epsilon0 and e-t/lambda (4) 

(In a formula (4), epsilon 0 expresses the strain in a contact) 
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[0038] Similarly, the whole stress time history can be made into a gently-sloping 
curve with the following formula (5), and the influence of the noise to the material 
physical properties (Youngs modulus and loss factor) finally acquired by this can be 
removed. 

sigma(t) =sigma0 and e-t/lambda (5) 

(In a formula (5), sigmaO expresses the stress in a contact) 

[0039] A stress-strain curve is determined from the strain time history and stress 
time history of the test piece 20 with which such amendment was performed. Drawing 
3 is the graph with which the typical stress-strain curve was shown. From this 
stress-strain curve, Young's modulus Es of a test piece 20 is computed using the 
following formula (6). 
Es=sigma max/epsilon max (6) 

[0040] Moreover, a phase angle delta is computed from the stress-strain curve of 
drawing 3 using the following formula (7). 

Delta=sin -1 (sigmaa-sigmab) (/sigmamax) (7) 

And a loss factor (tandelta) is computed from this phase angle delta. 
[0041] The maximum rate of strain of a test piece when the above-mentioned blow 
rod collides with the front end of an input rod by 25m/s in speed is about 2500/s from 
2000-/s, and the maximum compressive strain is 0.15 to about 0.25. The deformation 
behavior of this strain is close to deformation behavior when a golf ball is hit. That is, 
the Young's modulus and the loss factor which are measured by this split 
HOPUKINSON rod testing machine are the material physical properties in a near state, 
when a golf ball is actually hit. In addition, the collision speed of a blow rod should just 
be the speed which becomes closely at deformation behavior when a golf ball is hit for 
the deformation behavior [ test piece / when not only 25 m/s but a blow rod collides ] 
of a strain. 

[0042] The Young's modulus and the loss factor which are measured by the split 
HOPUKINSON rod testing machine as mentioned above can be substituted, and the 
restitution coefficient of the golf ball under conditions equivalent to the time of the 
blow by the actual golf club head can be predicted by simulating by the finite element 
method. 

[0043] In the golf ball 30 which consists of three layers, a inner layer, an interlayer, 
and an outer layer, as specifically shown in drawing 4 , Material A and the interlayer 
are consisted of from material B, and the outer layer consists of material C for the 
inner layer. The bottom of a condition equivalent to the time of the blow by the actual 
golf club head is beforehand asked for the Young's modulus and the loss factor of 
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Material A. Material B, and Material C of each class by the measuring method by the 
above-mentioned split HOPUKINSON rod testing machine. As the value is substituted 
and it is shown below, the restitution coefficient of a golf ball can be correctly 
predicted by simulating with a finite element method. 

[0044] (Calculation of the restitution coefficient in analysis) Supposing the collision to 
the golf ball of a golf club head, as shown in drawing 5 (A), (B), and (C). the collision to 
the golf ball 30 in the initial velocity Va (m/s) of the hollow rod model 31 made from 
aluminum is simulated. The line of the shape of a grid in drawing is a line which shows 
the mesh used by the finite element method. Mass is distributed to each joint 
constituted about one element, each joint is replaced with the material point, the sum 
total is broken as a speed in which the material point has the speed of each joint, and 
it is considering as the whole speed. That is, the speed Vbi (i=x. y, z) of the ball after 
impact is computed as follows with a formula (8). A total momentum of a ball is 
considered to be the sum of the momentum of all the material points, and what broke 
a total momentum by AUW is defined as the elutriation speed Vbi of a ball. 
[0045] 



Here, the number of joints of a ball, gross mass, and the mass of the element with 
which N and M contain Vni and Mn contains the n-th advancing-side-by-side speed 
and a joint are divided by the number of the joints contained in the element. 
[0046] By the above-mentioned method, the speed of the above-mentioned hollow 
rod model 31 made from aluminum before and behind a collision and a golf ball 30 is 
computed, and the restitution coefficient of a golf ball 30 is computed from each 
speed and the weight. 

[0047] Moreover, even when Material C and an interlayer are made into Material B and 
an outer layer is made into Material A for a inner layer in golf ball 30' from which the 
arrangement position of material differs although the golf ball 30 and structure which 
were mentioned above are the same as shown in drawing 6 , the Youngs modulus of 
each material A-C and the value of a loss factor can be substituted for the applicable 
portion of each material, and can only be simulated with a finite element method, and 
the restitution coefficient of golf ball 30' after arrangement repositioning of material 
can be Thus, resilience ability can be easily compared about the golf ball of various 
composition, without building a prototype. 
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[0048] Moreover, in the analysis of a rebounding property, in the case of the analysis 
of a bilateral-symmetry model, as shown in drawing 7 (A) and (B) A ball is used as the 
half model 40 (model cut by the neutral plane T which carries out the 
division-into-equal-parts rate of the right and left including the center of a ball) 
instead of a whole model. The rebounding prediction analysis (the rotation restraint of 
the circumference of the direction advancing-side-by-side restraint of y, x, and the 
z-axis is put into a neutral plane T) in the model which carries out the 
longitudinal-direction restraint of the collision with the hollow rod model 41 made from 
aluminum at a neutral plane T can also perform the same analysis as a whole model. 
Furthermore, in the case of the analysis of a right-and-left and vertical symmetrical 
model, as shown in drawing 8 , two neutral plane T[ not a whole model but ]\ and by 
cutting by T", a ball can be used as 1/4 model 50, and can analyze the collision with 
the hollow rod model 51 made from aluminum like a whole model. Thus, without 
reducing analysis precision by taking the symmetric property of an analytic model into 
consideration, an analysis field can be lessened and a finite element method can be 
performed efficiently. 

[0049] In addition, although the golf ball which consists of three layers is simulated 
with this operation form, the golf ball which simulates by this invention can be adapted 
for golf balls of all structures, such as a dress golf ball, a two-piece golf ball, or a 
multi-piece golf ball that consists of three or more layers. 

[0050] Thus, if even the Young s modulus under conditions equivalent to the time of 
the blow by the actual golf club head of each material, the value of a loss factor, the 
structure of a golf ball, and the arrangement position of each material are known, 
about the resilience ability of the golf ball of various kinds, a simulation can be 
performed and resilience ability evaluation can be performed, without building a 
prototype. 

[0051] In addition, it is high speed and the strain of a form is given to a test piece very 
much, and actually, under the conditions of the maximum compressive strain 
equivalent to the time of a golf ball being hit by the golf club head, and the maximum 
rate of strain, as long as it can measure material physical properties (Young's modulus 
and loss factor), you may search for material physical properties (Young's modulus, 
loss factor) with measuring methods other than the above-mentioned split 
HOPUKINSON rod. 

[0052] Hereafter, the example and the example of comparison of a rebounding 
simulation of this invention are explained in full detail. [ of a golf ball ] First, the golf 
ball using the following material 1-3 was produced. 
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[0053] (Material 1) 

High cis polybutadiene rubber (product made from BR01 JSR) Compression molding of 
the mixture which consists of 100phr acrylic-acid zinc (ZDA) 31phr zinc-oxide (ZnO) 
20phr dicumyl peroxide (DCP) 0.4phr was carried out with metal mold the diameter of 
42.8mm at 160 degrees C for 30 minutes, and 1 piece ball was produced. 
[0054] (Material 2) Injection molding of the thermoplastic elastomer polyester (Hytrel 
4474 Toray Industries Du Pont make) was carried out with metal mold the diameter of 
42.8mm, and 1 piece ball was produced. 
[0055] (Material 3) 

Injection molding of the ******** which consists of ionomer-resin (made in high 
MIRAN 1605 Mitsui E. I. du Pont de Nemours Chemical) 50phr ionomer-resin (made in 
high MIRAN 1706 Mitsui E. I. du Pont de Nemours Chemical) 50phr was carried out 
with metal mold the diameter of 42.8mm, and 1 piece ball was produced. 
[0056] (Example) The material physical properties (Young's modulus and loss factor) 
of the above-mentioned material 1-3 were measured with the above-mentioned split 
HOPUKINSON rod testing machine (collision speed 25 m/s of the room temperature 
of 23 degrees C, 50% of relative humidity, and a blow rod). The Youngs modulus 
obtained by measurement, a loss factor, and the maximum compressive strain and the 
maximum rate of strain at the time of measurement are shown in the following table 1. 
[0057] The state of the golf ball at the time of making the 200g (the same as that of 
the weight of a head) hollow rod model made from aluminum collide with each golf ball 
which consists of material 1-3 by the finite element method using this value at initial 
velocity 35 and 40 and three kinds of speed of 45 m/s was simulated, and the 
restitution coefficient of a golf ball was computed by the above-mentioned method. 
The restitution coefficient in the analysis of the example of the golf ball of the material 
1-3 obtained here is shown in the following table 3 (material 1), Table 4 (material 2), 
and Table 5 (material 3), respectively. 
[0058] 
[Table 1] 



[0059] (Example of comparison) The material physical properties (Young's modulus 
and loss factor) of the above-mentioned material 1-3 are measured in viscoelasticity 
spectrum meter (frequency [ of 10Hz ], maximum compressive-strain 0.02, and 
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maximum rate-of-strain 1.256-/s), and the Young's modulus and the loss factor which 
were obtained are shown in the following table 2. The state of the golf ball at the time 
of making the 200g (the same as that of the weight of a head) hollow rod model made 
from aluminum collide with each golf ball which consists of material 1-3 by the finite 
element method using this value at initial velocity 35 and 40 and three kinds of speed 
of 45 m/s was simulated, and the restitution coefficient of a golf ball was computed by 
the above-mentioned method. The restitution coefficient in the analysis of the 
example of comparison of the golf ball of the material 1-3 obtained here is shown in 
the following table 3 (material 1), Table 4 (material 2), and Table 5 (material 3), 
respectively. 
[0060] 
[Table 2] 



[0061] 

[Table 3] (Material 1) 



[0062] 

[Table 4] (Material 2) 



[0063] 

[Table 5] (Material 3) 
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[0064] Moreover, the value of a restitution coefficient was measured by the following 
method by the experiment which used thing of the golf ball cast by the 
above-mentioned material 1-3. It is shown in Table 3 (material 1) which described 
above the difference (%) of the restitution coefficient in the analysis of the 
above-mentioned example and the example of comparison, and the restitution 
coefficient in the experiment which used thing following, Table 4 (material 2), and 
Table 5 (material 3). 

[0065] (Measurement of the restitution coefficient in an experiment) As a method of 
measuring the restitution coefficient of a golf ball To each golf ball which consists of 
material 1-3 under a condition with a room temperature of 23 degrees C, as 
substitution of the head of a golf club The 200g (the same as that of the weight of a 
head) hollow rod made from aluminum was made to collide at speed 35 and 40 and 
three kinds of speed of 45 m/s, the speed of the above-mentioned hollow rod before 
and behind a collision and a golf ball was measured, and the restitution coefficient of 
each golf ball (three kinds of material) was computed from each speed and the weight. 
Each golf ball was measured with 1 piece ball. In addition, the collision side of the 
hollow rod made from aluminum is a flat, and was considered as the flat head-on 
collision with the golf ball. Since there is no angle in a collision side like a golf club 
head and a golf ball does not rotate at the time of a collision, only the resilience ability 
of a golf ball can be evaluated. 

[0066] As shown in Tables 3, 4, and 5 The value of the restitution coefficient in the 
analysis of the example computed from the result which substituted the Youngs 
modulus (maximum compressive-strain 0.098 to 0.3153, and maximum rate-of-strain 
1381.1 -3927. 6/s under a condition) and the loss factor which were obtained with the 
split HOPUKINSON rod testing machine, and was analyzed with the finite element 
method The golf ball was actually made as an experiment, and it was well in agreement 
also in the value of the restitution coefficient in the experiment for which it asked with 
thing, and which material. The difference with an experimental result is -1.21% - 5.77%, 
and it has checked simulating the experimental result correctly. 

[0067] The value of the restitution coefficient in the analysis of the example of 
comparison computed from the result which, on the other hand, substituted the 
Young's modulus and the loss factor which were obtained in spectrum meter 
(frequency [ of 10Hz ], maximum compressive-strain 0.02, and maximum 
rate-of-strain 1.256-/s), and was analyzed with the finite element method actually 
made the golf ball as an experiment, and the error had produced the value of the 
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restitution coefficient in the experiment for which it asked with thing. The difference 
with an experimental result is 19.42% - 41.47%, and experimental results differed 
greatly. 

[0068] As mentioned above, it has checked that the restitution coefficient at the time 
of an actual golf ball blow could be correctly simulated in substituting the Young's 
modulus and the loss factor which were obtained with the split HOPUKINSON rod 
testing machine, and analyzing with a finite element method. 
[0069] 

[Effect of the Invention] By the finite element method, with a split HOPUKINSON rod 
testing machine, since this invention has measured material physical properties 
(Young's modulus and loss factor) under a strain equivalent to the time of being 
actually a golf club head and a golf ball being hit, and the conditions of a rate of strain, 
it can simulate an actual impact test correctly, and can predict the rebounding 
property of the golf ball in the state near an actual blow so that more clearly than the 
above explanation. Thereby, in the design stage of a golf ball, the actual number of 
times of a ball trial production can be reduced, and the costs and time which a trial 
production takes can be cut down. Therefore, the optimal golf ball can be designed 
about a rebounding performance for a short period of time. 
[0070] If even the structure of a golf ball and the arrangement position of each 
material are known in order for what is necessary just to be to simulate the blow of a 
ball with a finite element method using the material physical properties (Young's 
modulus and loss factor) of the material which constitutes a golf ball, a simulation can 
be performed about the rebounding property of the golf ball of various kinds, and it can 
design easily, without building a prototype about the material of various kinds, and 
arrangement structure. 

[0071] Furthermore, the golf ball which is excellent in a rebounding performance in the 
stress inside a ball when the blow is added to the ball, and a state of strain since 
[ which is correctly observed by the finite element method ] things can be carried out 
can be designed. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical front view in which the split HOPUKINSON rod testing 
machine with which Young's modulus and a loss factor are measured was shown. 
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[Drawing 2] It is the graph with which the state of the strain time history of a test 
piece was shown. 

[Drawing 3] It is the graph with which the stress-strain curve was shown. 

[Drawing 4] It is the cross section of the golf ball which performed the simulation of 

this invention. 

[Drawing 5] The rebounding performance-evaluation simulation by the collision to the 
golf ball of the hollow rod model made from aluminum is shown, and (A) is [ (C) of (B) ] 
drawing after a collision during a collision before a collision. 

[Drawing 6] It is the cross section of the golf ball of the modification which performed 
the simulation of this invention. 

[Drawing 7] (A) and (B) are the schematic diagrams showing the half model of a golf 
ball. 

[Drawing 8] It is the schematic diagram showing 1/4 model of a golf ball. 
[Description of Notations] 

30 Golf Ball 

31 Hollow Rod Model made from Aluminum 
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